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Abstract. The current status of the high spatial resolution imaging interfer-
ometry in optical astronomy is reviewed in the light of theoretical explanation,
as well as of experimental constraints that exist in the present day technology.
The basic mathematical interlude pertinent to the interferometric technique
and its applications in astronomical observations using both single aperture, as
well as diluted apertures are presented in detail. An elaborate account of the
random refractive index fluctuations of the atmosphere producing random aber-
rations in the telescope pupil, elucidating the trade offs between long-exposure
and short-exposure imaging is given. The formation of speckles and of ways
to detect them in the case of astronomical objects are discussed. Further,
the other methods viz., (i) speckle spectroscopy, (ii) speckle polarimetry, (iii)
phase closure, (iv) aperture synthesis, (v) pupil plane interferometry, (vi) dif-
ferential speckle interferometry etc., using single moderate or large telescopes
are described as well. The salient features of various detectors that are used
for recording short-exposure images are summarized. The mathematical intri-
cacies of the data processing techniques for both Fourier modulus and Fourier
phase are analyzed; the various schemes of image restoration techniques are
examined as well with emphasis set on their comparisons. A brief account of
obtaining diffraction-limited high resolution features of a few extended objects
is presented. The recent technological innovation to compensate the deleterious
effects of the atmosphere on the telescope image in real-time is enumerated.
The experimental descriptions of several working long baseline interferometers
in the visible band using two or more telescopes are summarized. The astro-
physical results obtained till date using both single aperture interferometry, as
well as long baseline interferometry with diluted apertures are highlighted.
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Diffraction-limited resolution achievable by any terrestrial large telescope far surpasses
that imposed by atmospheric fluctuations above the telescope aperture as against lone or-
biting telescope. Turbulence with its associated random refractive index inhomogeneities
in the atmosphere distorts the characteristics of light traveling through it. The limita-
tion is due to warping of iso-phase surfaces and intensity variation across the wave-front,
thereby, distorting the shapes of the wave-front (Fried, 1966). Due to the diffraction
phenomenon, the image of a point source blurs at the focal point of the telescope. This
phenomena is present in the sound waves, as well as in the electro-magnetic spectrum
starting from gamma rays to radio waves. The blurring suffered by such images is mod-
eled as convolution with the point spread function (PSF). Degradation in image quality
can occur because of (i) opto-mechanical aberrations of the telescope and (ii) density
inhomogeneities in the path of the optical wave-front. Understanding of the effect of
atmospheric turbulence on the structure of stellar images and of ways to overcome the
hindrance would enable astronomers to retrieve high spatial resolution of the object.
Though interferometry at optical wavelengths in astronomy began more than a cen-
tury and a quarter ago (Fizeau, 1868), the progress in achieving high angular resolution
has been modest. The first successful measurement of the angular diameter of α Orionis
was performed in 1920 using stellar interferometer (Michelson and Pease, 1921), but the
field lay dormant until it was revitalized by the development of intensity interferometry
(Brown and Twiss, 1958). On the other hand, real progress has been made at radio
wavelengths in post war era. Development of long baseline and very long baseline in-
terferometry (VLBI), as well as usage of sophisticated image processing techniques have
brought high dynamic range images with milliarc-second (mas) resolution.
The implementation of imaging by interferometry in optical astronomy is a challenging
task. Over the last two decades, a marked progress has been witnessed in the development
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of this field, offering to realize the potential of the interferometric technique. Single
aperture speckle interferometry (Labeyrie, 1970) offers a new way of utilizing the large
telescopes to obtain diffraction-limited spatial Fourier spectrum and image features of the
object. A profound increase has been noticed in its contribution to measure fundamental
stellar parameters, viz., (i) diameter of stars, (ii) separation of close binary stars, (iii)
imaging of emission line of the active galactic nuclei (AGN), (iv) the spatial distribution
of circumstellar matter surrounding objects, (v) the gravitationally lensed QSO’s etc.
Further benefits have been witnessed when the atmospherically degraded images of these
objects is applied to image restoration techniques (Liu and Lohmann, 1973, Rhodes and
Goodman, 1973, Knox and Thomson, 1974, Lynds et al., 1976, Weigelt, 1977, Lohmann
et al., 1983, Ayers and Dainty, 1988) for obtaining Fourier phase.
Development of various interferometric techniques, namely, (i) speckle spectroscopy
(Grieger and Weigelt, 1992), (ii) speckle polarimetry (Falcke et al., 1996), (iii) pupil plane
interferometry (Roddier and Roddier, 1988), (iv) Phase-closure method (Baldwin et al.,
1986), (v) aperture synthesis using both partial redundant and non-redundant masking
(Haniff et al., 1987, 1989, Nakajima et al., 1989, Busher et al., 1990, Bedding et al., 1992,
1994, Bedding, 1999), (vi) differential speckle interferometry (Petrov et al., 1986) using
single aperture telescope have brought out a considerable amount of new results.
Significant improvements in technological innovation over the past several years have
brought the hardware to compensate in real-time for telescope image degradation induced
by the atmospheric turbulence. Wave-front sensing and adaptive optics (AO) are based
on this hardware oriented correction (Babcock, 1953, Rousset et al., 1990). Adaptive
optical systems may become standard tool for the new generation large telescopes.
Although large telescope helps in gathering more optical energy, the angular resolu-
tion is limited with its diameter. In the optical band, a large mirror of diameter more
than 10 m class with high precision in figuring may not be possible to develop, thereby,
restricting the resolution in the single aperture interferometry. Introduction of long base-
line interferometry using diluted apertures became necessary (Labeyrie, 1975). Success
in synthesizing images obtained from a pair of independent telescopes on a North-South
baseline configuration (Labeyrie, 1975, Labeyrie et al., 1986, Shao et al., 1988), impelled
astronomers to venture towards ground-based very large arrays (Davis et al., 1992).
Potentials for progress in the direction of developing large interferometric arrays of tele-
scopes (Labeyrie, 1996) are expected to provide images, spectra of quasar host galaxies,
exo-planets that may be associated with stars outside the solar system (Labeyrie, 1995,
1998a, 1998b). Plans are also on to put an interferometer of a similar kind on the surface
of the moon by early next century.
The surge of activities in this field over the past two decades reflect the motivation
for obtaining true diffraction-limited images with the ground based telescopes. Over
the years optical interferometry has slowly gained in importance and today it has be-
come a powerful tool. This review focuses on the application of interferometry to optical
astronomy, as well as on the current activities of the various groups across the globe.
The problems encountered by the astronomers to develop various interferometers in the
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optical domain and possibilities offered to astronomy by high resolution imaging in the
optical domain are addressed. The basic principle of interferometry and its applications,
atmospheric turbulence and its behaviour in the case of wave propagation, speckle imag-
ing and different interferometric techniques, adaptive optics system, the salient features
of long baseline interferometers are enumerated. In addition, the various techniques ap-
plied to image restoration and their shortcomings are illustrated. Some of the important
results obtained so far using various interferometers are also highlighted.
2. Preamble
Before venturing into the complicated equations pertinent to the interferometric systems,
some of the fundamental equations describing a plane wave of monochromatic/quasi-
monochromatic light impinging on an ideal instrument, say a telescope, are illustrated.
Let V (r, t) represent the monochromatic optical wave which at a point, r, can be spec-
ified in the form, a(r)e−i[2piν◦t−ψ], where, a(r) is the instantaneous complex amplitude
of the wave,





Here, r = (x, y, z) is the position vector of the point (x, y, z), t the time, and ν◦ the
frequency of the wave.
The complex representation of the analytic signal, U(r, t), associated with V (r, t) can
be expressed as,
U(r, t) = a(r)e−i[2piν◦t−ψ] = Ψ(r)e−i2piν◦t, (2)
where, Ψ(r) = a(r)eiψ , is a complex vector function of position.
From the equations (1) and (2), the relationship can be translated in the form of
following equation,











where, ω = 2piν◦ is the angular frequency.
The intensity of light is defined as the time average of the amount of energy, therefore,
taking the latter over an interval much greater than the period, T = 2pi/ω, the intensity
at the same point is calculated as,
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where, < > stands for the ensemble average of the quantity within the bracket. and Ψ∗
represents for the complex conjugate of Ψ.
Since the complex amplitude is a constant phasor in the monochromatic case, the
spectrum of the complex representation of the signal, U(r, t), is given by,
Û(r, ν) = a(r)eiψδ(ν − ν◦). (5)
It is equal to twice the positive part of the instantaneous spectrum, V̂ (r, ν). In the
polychromatic case, the expression for complex amplitude can be formulated as,




V̂ (r, ν)e−i2piνtdν. (6)
The disturbance produced by a real physical source is calculated by the integration of
the monochromatic signals over a optical band pass. In the case of quasi-monochromatic
approximation (if the width of the spectrum, ∆ν  ν◦), the expression can be read as,
U(r, t) =| Ψ(r, t) | ei[ψ(t)−2piν◦t]. (7)
The field is characterized by the complex amplitude, Ψ(r, t) =| Ψ(r, t) | eiψ(t); the
phasor is time dependent, although it is varying slowly with respect to e−i2piν◦t.
In the case of 2-dimensional (2-d) distributions of the optical fields in the object and
image planes, the following steps are necessary to be incorporated. The distribution of
the complex amplitude, Ψ(x), in the image plane for a monochromatic point source of




where, x = (x, y) is a 2-d space vector, Ψ◦(x◦) is complex amplitude in the telescope pupil
plane, T (x,x◦) is the impulse response of the optical system. According to the diffraction
theory, T (x,x◦) is proportional to
∫
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where, P(x) is the pupil transmission function.
The complex amplitudes exhibit a time-dependency in quasi-monochromatic case;
therefore, the field in the image plane can be expressed as,
Ψ(x, t) =
∫
T (x,x◦)Ψ◦(x◦, t)dx◦. (10)
Since the detectors in the visual band are not sensitive to the field but to the intensity,
I(x),
I(x) =< Ψ(x, t)Ψ∗(x, t) > . (11)
For an ideal telescope, P(x) = 1, for inside the aperture and 0 for outside the aperture.










P(u, v)Ψ(u, v)e−i2pi[ux+vy]/λdudv and the di-
mensionless variable, u, stands for x/λ, and hence, Ψ(u) can be written for Ψ◦(λu).
Similarly, P(u) = P◦(λu). From equation (11), it is seen that the complex amplitude
in the image plane is the convolution of the complex amplitude of the pupil plane and
the pupil transmission function (Goodman, 1968). The mathematical description of the
convolution of two functions is of the form:
Ψ(x) = P(x) ∗Ψ◦(x), (13)
where, ∗ stands for the convolution operator.
Convolution equations can be reduced to agreeable form using the Fourier convolution
theorem. The Fourier transform of a convolution of two functions is the product of the
Fourier transform of the two functions. Therefore, in the Fourier plane the effect becomes
a multiplication, point by point, of the transfer function of the pupil, P̂(u), with the
transform of the complex amplitude of the pupil plane, Ψ̂◦(u). i. e.,
Ψ̂(u) = P̂(u) · Ψ̂◦(u). (14)
The illumination at the focal plane of the telescope observed as a function of the
image plane is,
